Varicocele is the first etiology of infertility in men worldwide and affects almost half of the men dealing with infertility in Senegal. Varicocele is associated with a high rate of sperm DNA fragmentation so this test is being more and more recommended especially when patients have to benefit from an ART (Assisted Reproductive Technology) procedure. The aim of our study was to assess if our patients with varicocele are concerned by higher DNA fragmentation rate in spermatozoon. Sperm samples were collected (95 cases of varicocele and 30 controls) and analyzed between January 2013 and June 2016 in a prospective study. Sperm DNA damage, characterized by the rate of DNA fragmentation was evaluated by TUNEL assay using fluorescence microscopy. There was a significant higher percentage of DNA fragmentation in patients with varicocele (p < 0.001), compared to controls. We plan to study a bigger cohort to assess this tendency and study the benefits of surgery in varicocele by evaluating DNA fragmentation after the procedure.
Introduction
Infertile men may have increased sperm DNA fragmentation [1] and varicocele that seems to be the first etiology of male infertility [2] [3] , are also correlated with high levels of sperm DNA fragmentation index [4] . In the general population, the prevalence of varicocele has been reported to be as high as 10 to15% [5] . In male infertility the prevalence of varicocele varies between 19 and 30% [6] . Previous studies in our context have showed that this prevalence was up to 40% [7] [8] . Studies have been conducted to explain how varicocele could be responsible for infertility but the pathophysiology of infertility in varicocele still remains unclear [3] . The main hypothesis and mechanisms described to be responsible for infertility are: Germinal cell dysfunction secondary to hypoxia (after venous stasis), the back flow of adrenal and renal metabolic products through the left spermatic vein, increased scrotal temperature and endocrinological changes.
Thanks to progress in molecular biology we now know that all that phenomena can be responsible for increased oxidative stress [9] [10] and decreased anti-oxidant capacity on animal's models [11] . These mechanisms are also responsible for apoptosis. The fact that apoptosis and oxidative stress are two main mechanisms of DNA fragmentation in spermatozoon, could explain why DNA fragmentation is increased in patients with varicocele. New data suggest that varicocelectomy improves sperm DNA damage in infertile men [12] and some authors like Kadioglu [13] , reported that high preoperative DNA fragmentation index was associated with a large decrease of DNA fragmentation in spermatozoon after surgery. If we refer to Esfahani's review [14] , individuals who have high DNA fragmentation in their semen samples should be prior to surgery. Varicocele is a treatable affection that represents in our practice, almost half of our patients dealing with male infertility [15] . The aim of our study was to evaluate DNA fragmentation among our patients and assess the association of varicocele with increased DNA fragmentation in our population.
Materials and Methods

Patients
Our study was prospective and included 125 patients between January 2012and January 2016.Among them 95 were followed up for varicocele and 30 were controls. The control samples were collected from men who fathered within less than two years with normozoospermia values after semen analysis. We selected randomly, 95 men who came into our laboratory with one or more years of infertility and followed up for varicocele confirmed by ultrasound. We included men with clinically palpable varicocele (classified as grade 1, 2, or 3 according to Dubin and Amelar Classification [16] ) and assessed by ultrasound, we also included men with infra-clinical varicocele. Men with genital infection, cryptorchidism, hypogonadism or presenting a history of smoking and excessive alcohol use were excluded from the study. Men with any other disease that could be responsible for infertility were excluded too. All subjects provided informed consent and the study was approved by research and ethics committee.
Sperm Collection and Semen Analysis
Each patient provided a freshly ejaculated semen sample by masturbation after 3 days of sexual abstinence. The samples were analyzed within 30 min of collec- 
TUNEL Assay for Measurement of Sperm DNA Fragmentation
TUNEL test (Terminal deoxynucleotidyl transferase dUTP nick end labeling) was performed to assess sperm DNA fragmentation as described by Sharma's [19] protocol. We followed all the steps of this standardized protocol to measure DNA fragmentation. We used "In Situ Cell Death Detection Kit, Fluorescein®" (Roche Diagnostics, GmbH, Mannheim, Germany) to evaluate DNA fragmentation. For the reading of the results, we chose fluorescence microscopy, more accessible in our practice than flow cytometry. In a previous study, we described the setting up of this protocol in our laboratory. We found a cut-off of 15% with an accuracy of 72.1% [15] to differentiate infertile men with DNA damage from healthy men.
Samples
The TUNEL test was performed after accruing10 samples for cost effectiveness.
Fresh samples with 5 millions spermatozoa were collected after evaluation for volume and concentration. The samples were centrifuged at 600 g for 10 min at room temperature and the supernatant discarded. The obtained pellet was suspended in 1 ml of PBS (pH 7.4) and fixed with 4% paraformaldhéhyde (PF4)% (30 minutes at room temperature). The spermatozoon were then washed and resuspended in a (methanol/acetic acid) mixture and stored at -20˚C until run time (Carnoy II solution). The test was performed according to the protocol of our laboratory [15] . To permeabilize cells, we used a solution of Triton. Briefly, after another wash with PBS (at 300 g for 5 min), we obtained a pellet that was suspended in the staining solution containing lwabeled nucleotides and enzyme terminal transferase. This mixture was kept in a dark room at 37˚ (Celsius degrees) for 1 hour. Negative and positive controls were included for each run. After the reaction (Hybridization), the cells were washed twice in PBS (at 300 g for 5 min) and suspended in 0.5 ml of DAPI solution (4', 6'-diamidino-2-phenylindole) for counterstaining (30 minutes in the dark, at room temperature). The suspension was centrifuged (at 300 g for 5 min), and the pellet resuspended in 100 μl of PBS.
The samples were smeared on super frost slides and mounted with Vectashield® (Vectorlaboratories, Inc.).
Fluorescence Microscopy
The slides were examined by fluorescence microscopy (BX50 Olympus) with DAPI 
Statistical Analysis
Student t test was used to compare continuous variables represented as mean with standard deviation (as mean age) and categorical variables as percentages.
We compared two groups in our study: patients with varicocele and controls. Nonparametric variables like mean rates of DNA fragmentation were compared using the Mann-Whitney U-test.
Mann-Whitney U-test for unpaired non parametric data was p value less than 0.05 (p < 0.05) was considered statistically significant. Analysis was performed using R software version 3.2.2 for windows.
Results
Age
The mean ages of our patients with varicocele (n = 95) was 38.4 ± 1.1 and 38.4 ± 6.6 for the controls (n = 30). There was no significant difference between the two groups from a statistical point of view (p > 0.05).
Duration of Infertility
The mean duration of infertility was more than three years with 38.7 months ± 6. Patients were followed up for primary infertility in 71.3% of cases.
Varicocele
In our group of study, there were 95 varicocele and 15 had infraclinical varicocele. Left sided varicocele (grade 1, 2 and 3) were found in 65 cases. The repartition of those cases is presented in Figure 1 . Grade 2 varicocele was the most frequent in our sample. Varicocele was unilateral in most of the cases (68.4% of palpable varicocele).
Semen Parameters
The main sperm characteristics of controls and patients are shown in Table 1 .
Of the 95 cases of varicocele, 36 (37.9%) had normal sperm parameters, while 59 (62.1%) had an abnormality in one or more of these parameters. The most frequent abnormality was oligoasthenoteratonecrozoospermia (20%) followed by asthenonecrozospermia (9%) teratozoospermia (Table 1 ).
Varicocele and DNA Fragmentation
DNA fragmentation in patients with varicocele (n = 95) was higher, from a statistical point of view than DNA fragmentation in controls (n = 30) (p < 0.001) ( Table 2 ).
Discussion
The association between DNA damage and diminished reproductive outcomes is being increasingly recognized [20] . [25] ). We found a very few number of study assessing the contrary. For example in [26] study, there were no correlation between DNA fragmentation and the issue of ART technique. But it is important to note the fact that in that study, the cases included oocyte donor (so young selected women with high quality oocyte). This can be a confusing bias because it is considered, that oocyte has the capacity of repairing DNA spermatozoa damage [27] . This finding could explain the good results after the ART procedure despite high level of DNA fragmentation in spermatozoon.
Guidelines for clinical utility of sperm DNA integrity testing are now available [20] [28] and varicocele belongs to one of the subgroups of infertile patients in which the fact of testing DNA fragmentation is justified. The new event is the fact that in that pathology DNA fragmentation is a reversible lesion after surgery ([13] [29] ). This is as a new argument to support the clinical utility of this test. Indeed varicocele surgery has been a subject for controversy for many years. This surgical repair procedure, in our study context is associated with spontaneous pregnancy ( [7] [8]) and better results in ART procedure. Using DNA fragmentation for triage can reduce the cost of varicocele management by the use of less com-Advances in Reproductive Sciences plicated technique of ART. Some authors like Jallouli [30] , Coccuza [31] or Daitch [32] showed that the improvement of semen quality after surgery helped to choose less expensive technique of ART or even avoid it [33] [34], with spontaneous pregnancies following the repair [7] . In our study, DNA fragmentation is significantly more important in patients with varicocele. Wang meta-analysis [29] including 416 patients (240 varicocele and 176 controls) in seven studies showed the same tendency and there was a significant decrease after surgery. We find the same tendency in Kadioglu study [13] [36] ) and even induction of spermatogenesis in case of azoospermia [37] .
We think that those findings are important to consider in management of varicocele especially in our context where varicocele represents almost half of our patients with male infertility and where ART is not accessible to everyone because of the costs. The study of DNA fragmentation in varicocele could help us to better understand the pathophysiology of varicocele and also its treatment and management. The comprehension of the theories underlying DNA damage such as oxidative stress, abortive apoptosis and default of protamination during sperm compaction ( [14] [11]) could make the link between this factors and infertility because, all that mechanisms responsible for DNA damage and infertility are factors described in varicocele. The correlation between semen parameters and DNA fragmentation is difficult to assess because of the number of controversial conclusions in literature. We even found that high DNA fragmentation could be associated with normal semen parameters [38] and this could be the reason of some cases of unexplained infertility.
In our study, significantly higher DNA fragmentation is observed in patients with varicocele compared to control (p < 0.05). These results are preliminary and were calculated on a small sample. A bigger cohort is necessary to assess our results. The mean rate of DNA fragmentation after TUNEL assay and reading by fluorescence microscopy was 22.4 +/− 10.0 in patients with varicocele vs 13.7 +/− 3.3 in controls. We noticed some obstacles for the use of DNA fragmentation test such as the high number of different methods, the lack of standardization, the use of subjective analyzing method instead of direct quantification. The first studies included most of the time some small cohort on a statistical point of view (Wang meta analysis). Despite all this, the tendency is the same in the studies. We think that it is a promising test to better understand varicocele and if it is well used, it can be a promising biomarker for the management of varicocele.
We would like to know if this test can be used to measure the severity of varicocele and to evaluate the necessity of a surgical repair. We also want to know if there will be an improvement of sperm DNA quality after surgery within our patients and study the correlation between DNA fragmentation and spontaneous pregnancy after surgery.
Conclusion
We found significantly increased DNA fragmentation in our patients with varicocele. Furthermore, we plan to study if there is an improvement after surgical repair and evaluate if DNA fragmentation testing can be a tool in the management of varicocele.
